We report on the experience of a 23-member Australian medical team in Banda Aceh, Indonesia, following the 2004 Boxing Day tsunami. Arriving 13 days after the tsunami that devastated the city, killed 100,000 of its inhabitants and injured thousands more, we carried out 130 surgical procedures in austere conditions over a 12-day period. Most surgery was peripheral, principally for plastic surgical or orthopaedic procedures to lower limb injuries. Intravenous ketamine anaesthesia was the technique of choice, with good surgical conditions and few significant side-effects.
At approximately 0800 local time on December 26, 2004, the largest recorded earthquake in over 40 years struck the seabed some 250 km from the coastal city of Banda Aceh in western Sumatra, Indonesia. Measuring 9.3 on the Richter scale, it resulted in the collapse of a number of buildings in the city, including some large multistorey structures.
Immediate casualties resulting from the quake were relatively low, probably of the order of a thousand or so. Some 20 minutes later, however, a tsunami generated by the earthquake struck the city. Reaching over four kilometres inland, the waters devastated the city, destroyed or fl ooded some 50% of its area, and killed over 100,000 of its 225,000 inhabitants. In addition, huge quantities of sharp debris in the fl ood waters infl icted severe injuries amongst thousands of sur vivors (Figure 1 ), while others developed immersion pneumonia.
Prior to the earthquake, Banda Aceh had four hos-pitals. One was destroyed by the tsunami and another was fl ooded to a depth of two metres, killing hundreds of patients and staff. Two remained relatively intact and potentially operational. The effi cacy of both of these remaining hospitals was however severely affected by staff casualties. Following the tsunami, numerous international medical teams arrived in Banda Aceh to assist the survivors. This paper reports on the experience of a 23-person Australian civilian surgical team, which arrived in Banda Aceh on January 8, 2005 , some 13 days after the tsunami struck, and carried out 130 operations over the next 12 days. The team, comprising four surgeons, four anaes thetists, one emer gency physician, one infectious diseases physician, one physician team leader, nine nurses, two paramedics and one logistician, was recruited, equipped, funded and insured by the South Australian government as part of the offi cial Aus tralian government response to the disaster. Personnel were chosen on the basis of their prior experience working in developing countries, with most having been deployed previously on civilian or military medical missions to Indonesia, East Timor, Bougainville, or Rwanda. Ten tonnes of stores were carried, including food, water and medical supplies, judged to be suffi cient for 14 days in the fi eld.
EQUIPMENT AND FACILITIES On arrival, the team set up base at the Fakinah Private hospital in southwestern Banda Aceh. The hospital was essentially intact and free of water damage, but with unreliable electrical supply and no running water. Although abandoned by patients and staff immediately after the tsunami, it now held approximately 70 inpatients, half with traumatic injuries from the tsunami, half with pneumonia from aspiration of seawater and a few with tetanus. Very few of the local medical and nursing staff were present, with approximately one third of the hospital's regular staff killed in the tsunami, and the rest missing.
The hospital had two operating theatres equipped with Boyle anaesthesia machines. Oxygen was supplied from local cylinders which were un labelled, painted blue, and fi tted with industrial rather than medical regulators and devoid of sleeve or pin index fi ttings. Both Boyle machines had circle systems with CO 2 absorbers. One Boyle machine had an enfl urane vaporizer that appeared to be fi lled with halo thane; the other had a halothane vaporizer, though the vapour concentration dial was seized in the closed position. Monitoring in both theatres consisted of a pulse oximeter, a noninvasive blood pressure monitor and an ECG. Suction was provided by electric suction generators.
Over the next 12 days, the team carried out 106 operations at the Fakinah hospital. This repre sented all surgical cases already in the wards and subse quently presenting to the hospital during the period of occupancy of the team. No patient was denied surgery on any grounds. A further 24 procedures were also carried out at the nearby Kesdam hospital. These cases were inpatients selected from the wards of Kesdam hospital by two of our surgeons. Most of these were major plastic surgical cases with severe tissue losses requiring skin grafts or fl aps ( Figure 2 ). As our team included two plastic surgeons, we were well placed to meet this need. Like Fakinah hos pital, Kesdam hos pital had minor earthquake damage, but was spared water damage, and had two operating theatres equipped with Boyle machines, halo thane vaporizers, circle systems, and limited supplies of cylinder oxygen, but with no running water or un reliable electricity.
ANAESTHETIC TECHNIQUE AND PERIOPERATIVE CARE
Our team performed 130 surgical procedures over 12 days, most (98/130) involving major leg lacerations. These wounds were often severe, with major tissue losses and deep-seated infections, probably caused by inter action with debris in the water. Patients often required multiple trips to theatre, initially for de bridements, but later for wound closure with skin grafts or fl aps. Some were in poor condition, with sepsis, pulmonary infections and anaemia from their ordeals. Preoperative anaesthetic assessment was limited, and for most patients took place only after arrival in the operating theatre. Indeed, our fi rst patient was found already waiting on the operating table when our advance party fi rst arrived at Fakinah. Most patients spoke little English, and patient identifi cation could be diffi cult as there were no medical records or name bands. We were fortunate to have the services of three excellent volunteer interpreters in Banda Aceh. All arrived simply of their own volition and gave sterling service, including coming into the operating theatre despite lacking medical training. We came to regard a medical interpreter with good local know ledge as an invaluable asset for any future mission. Patient histories were scanty, with no ward notes for the majority. Pre operative X-rays and blood tests were unavailable for most cases, though haemoglobin estimation was occasionally undertaken for those who appeared to be severely anaemic. Two septic patients survived multiple wound debridements despite respective haemoglobin concentrations of 38 g/l and 50 g/l. The former received two units of fresh blood from an ad hoc living blood bank established by our team using local donors. These units were cross-matched for compatibility, but no screening for infectious diseases was available. Fasting orders were un reliable, given the paucity of nursing staff on the wards, and the local arrangement whereby patients were fed by the relatives, not the ward staff. Undoubtedly we anaes thetized a number of un fasted patients unwittingly. All of these challenges had been previously noted by the surgical teams responding to the 1998 Papua New Guinea tsunami 1,2 .
Spontaneous ventilation under intravenous ketamine anaesthesia was our technique of choice, being used for 117 of our 130 procedures. Patient ages ranged from 7 to 75 years, though most were 20 to 50 years. A typical case might involve a 40-year-old patient with a major leg laceration scheduled for debridement. The precise nature of the operation required was often unknown until the bandages were removed after induction. Induction typically consisted of midazolam 5 mg or diazepam 2 to 5 mg intravenously, a small intravenous morphine dose at the anaesthetist's discretion, then ketamine 80-100 mg intravenously over 20 seconds. Contrary to the usual belief that ketamine anaes thesia requires atropine premedication 3-5 , we did so only rarely and experienced little diffi culty with excessive salivation. Surgical anaes thesia was achieved within 30 seconds with fi xed, open eyes. The patient then breathed spontaneously on room air, usually without airway intervention and without supple mental oxygen. Oximeter readings generally dipped to around 90% follow ing induction, then rapidly rose to exceed 95%. Maintenance was with intermittent boluses of intravenous ketamine, typic ally one quarter of the induction dose each 15 minutes, and further benzodiazepenes or opioids as necessary, in response to increasing vocalization, grimacing or purposeful movements in response to surgical stimuli. Spontaneous vocali zation was common, usually in the form of a prayer and was at times uttered very loudly. These responses, whilst potentially alarming to fi rst world anaesthetists and surgeons, are uniquely characteristic of the 'dissociative' nature of ketamine anaesthesia 6, 7 . Approximately one patient in ten appeared to suffer unpleasant psychic phenomena, though patients who returned for multiple procedures often reported enjoying their previous dreams. Indeed, unscheduled ward patients often gathered around the theatre entrance door, hoping to be taken to theatre. Spontaneous limb movements under ketamine were less common, and where present, were generally of the upper limb, amenable to physical restraint and presented no real impediment to the principally lower limb surgery being undertaken ( 3). The duration of most cases was of the order of an hour, though a number of three-hour cases were conducted successfully using intravenous ketamine anaesthesia as described above.
As expected, patients under ketamine anaesthesia maintained their airways very well, with remarkably few requiring any airway interventions at all. Only four of 117 spontaneously ventilating patients required tem porary jaw support and a further two required oral airways. None required intubation for loss of airway, including a number who were turned prone. There were no aspirations, despite including one patient who was 32 weeks pregnant. Several patients were noted to cough or spit to clear their own airways whilst anaesthetized.
Intraoperative monitoring was limited by western standards, with only a pulse oximeter, ECG and noninvasive blood pressure available. We found the pulse oximeter to be invaluable, particularly when turning these relatively dark skinned patients prone, and it formed the mainstay of our monitoring. Noninvasive blood pressure was used less frequently, principally for longer cases, and the ECG not at all. The absence of capnography, inspired oxygen concentration and volatile agent monitoring proved of little relevance, given most cases were done under ketamine anaesthesia, spontaneously breathing room air.
At the completion of surgery, patients were immediately moved to the recovery area, the facilities of which varied daily from nothing more than the fl oor of the theatre re ception (restrained by their relatives if needed), to a more conventional recovery room with nurse supervision and oxygen. Many patients returned to the wards still heavily sedated, though none suffered adverse outcomes from this suboptimal recovery supervision.
Whilst the overwhelming majority of cases were anaesthetized using intravenous ketamine and spontaneous ventilation via an unprotected airway, there were several exceptions. Three patients were intubated, all electively to allow for more extensive head or facial procedures, including repair of a major scalp laceration, elevation of a depressed skull fracture, and drainage of extensive facial infection. The fi rst case of these was induced with propofol and rocuronium, then maintained with halothane in oxygen. Interestingly, the halothane was delivered from an enfl urane vaporizer, necessitating our calculation of a 'correction factor' of 1.4 to yield true halothane output percentage. This uncertainty, plus the lack of volatile agent monitoring, necessitated a cautious approach to anaesthetic depth, and the absence of cap nography in the setting of an unreliable CO 2 absorber necessitated high fresh gas fl ows. The combination of these two factors resulted in unacceptably high oxygen consumption and unacceptably long recovery times, hence the other two cases requiring intubation were maintained on intravenous ketamine infusions and intermittent intravenous pancuronium, rather than inhaled vapour. Regrettably, one such patient subsequently suffered awareness when the intravenous line disconnected under the drapes, allowing her to become aware when the ketamine wore off before the pancuronium. Intramuscular ketamine anaesthesia was chosen for only two cases, both being children who arrived for minor procedures, terrifi ed and without intravenous access.
Spinal anaesthesia was chosen for only eight of our 130 cases, generally for lengthy lower limb plastic or orthopaedic procedures. It was also the method chosen for both the intraperitoneal procedures; a caesarean section and an appendicectomy. In approximately 25% of cases, peripheral nerve blocks were used to supplement general anaesthesia, or to provide postoperative analgesia. Regrettably, most postoperative patients received no analgesia after leaving theatre.
DISCUSSION
The overwhelming majority of procedures undertaken by our team involved the lower limb (98/130). The injuries were most commonly soft tissue in juries, and were often severe, with signifi cant tissue loss. Upper limb procedures constituted the bulk of the remainder (17/130). All wounds were treated with ticercillin/potassium clavulanate (Timentin©, Glaxo-B. R. PAIX, R. CAPPS ET AL SmithKline, Australia) 3.1 g intravenously in theatre, and received appropriate tetanus prophylaxis. The importance of tetanus prophylaxis has been mentioned previously for casualties of confl icts or disasters 8, 9 , and this need was reinforced by the clinical tetanus cases presenting daily to Fakinah hospital.
There were no intracranial and only two intraperitoneal operations, a caesarean section and an appendicectomy, neither of which could be said to be tsunami related! Our experience parallels that of the Australian surgical teams operating in Papua New Guinea following the 1998 Aitape tsunami 1, 2 . They also noted the generally poor condition of the wounds and the prevalence of aspiration pneumonitis also seen amongst our patients.
Ketamine has long been popular as a general anaes thetic agent in the third world or for disaster situations 4, 5, 10 . Its recognized benefi ts include excellent preservation of airway refl exes 6, 7 , support for the cardiovascular system 6, 7 , and minimal need for heavy or complex support equipment, such as Boyle machines and oxygen supplies 4, 5 . Our experience confi rms this, with relatively few minor complications (bad dreams, poor surgical conditions, postoperative nausea and vomiting) and no life-threatening complications (aspiration, hypoxia, cardio vascular collapse) in over a hundred sick, unprepared, and sometimes unfasted patients. Indeed, despite daily deaths amongst the tetanus and pneumonia patients, there were no deaths amongst the patients on whom we operated. This was despite two of our four anaesthetists being relatively unfamiliar with ketamine anaesthesia, and the operative conditions being austere, with limited monitoring, frequent power blackouts, high ambient temperatures, unfamiliarity with indigenous facilities, and equipment and shortages of most drugs and supplies.
Predictably 5 , nitrous oxide was unavailable locally, and oxygen supplies were limited, with unknown prospects for resupply. Local oxygen cylinder stocks were unreliable, with many empty cylinders in the 'full' store, no cylinder labeling, and no sleeve or pin index system. In addition, there were competing demands from pneumonia and tetanus patients in the wards, such that we calculated the wards alone would consume existing oxygen supplies within three to fi ve days, without any consumption in theatre. In consequence, we elected to avoid the use of the existing oxygen-hungry plenum systems for vapour anaesthesia wherever possible, and to avoid supplemental oxygen administration for other forms of anaesthesia unless proven necessary. Indeed, the majority of our cases spontaneously ventilated room air via an unprotected airway under intravenous ketamine anaes thesia without developing hypoxia. Pesonen 10 reported similar results in a group of war wounded in Red Cross hospitals in Afghanistan and Cambodia. Our procurement of two oxygen concentrators for the wards at Fakinah subsequently reduced their demand for cylinder oxygen, and indeed a lightweight concentrator for anaesthetic use would have easily met theatre and recovery needs without the use of cylinder oxygen.
Though unavailable to our team, the de livery of vapour anaesthesia via drawover equipment has proven benefi ts over plenum rebreather systems in terms of reduced reliance on heavy or complex ancillary equipment and oxygen supplies 4, 5, 11, 12 and as such has been advocated as suitable for disaster, remote area or military anaes thesia 4, 5, [11] [12] [13] . Indeed, drawover equipment is routinely carried by Aus tralian Defence Force medical teams, with Taylor and co-workers 1 reporting the use of both intravenous ketamine and drawover halothane/isofl urane techniques in over 200 surgical procedures following the 1998 Papua New Guinea tsunami. They noted a much higher need for airway instrumentation, principally laryngeal mask airway insertion, in patients receiving vapour anaesthesia. In practice, we demonstrated little need for vapour anaesthesia, with good surgical conditions achieved in most cases using the ketamine technique described. Those few procedures that required intubation and relaxation could be managed with ketamine infusions without the need for anaesthetic vapours. Finally, vapour anaesthesia, even using drawover equipment, generally does require supplemental oxygen 4,12 , albeit at low fl ows, and would have increased our demands on this scarce resource.
Unreliable local water and electricity supplies were predictable prior to deployment 4 . In consequence, all drinking and washing water was carried in by the team. For our 23-person team, allowing ten litres per day for 14 days, this alone amounted to 3220 litres or 3.2 metric tonnes of water. We also brought several petrol-powered electricity generators, though these performed poorly on locally sourced fuel and pro vided poor backup. Blackouts in theatre were frequent, at one stage occurring three times during a single case. The local operating theatres were windowless and became very dark when the electricity supply went off, and the electric ventilator, if in use, failed. Battery powered headlights did enable surgery to continue, but also attracted all the fl ies in the room to the wound. In addition, the existing ambient theatre temperatures of around 30°C rose rapidly whenever the power supply to the air conditioners failed.
Other safety issues for the team included the risk of tropical diseases, heat stress and trauma from earthquake damaged buildings. All team members took doxycycline malaria prophylaxis and were briefed on the need for long sleeves, mosquito netting and insect repellents. Following return to Australia, all were offered anthelminthic medication, and a malaria eradication program. We drank only water brought in with the team, and ate mainly military ration packs or commercial dehydrated foods, although some local foods were eaten. On average, one or several members of the team were nevertheless affected daily by respiratory or diarrhoeal disease. At least one contracted a cutaneous roundworm infestation and another contracted scabies. None were signifi cantly affected by heat stress, despite the unaccustomed need for heavy physical work at times in tropical conditions. There were no injuries related to quake damaged buildings. This was despite multiple aftershocks, including one of magnitude 6.4, and a near miss where several tons of masonry fell spontaneously from a building, landing within metres of two team members.
In conclusion, provision of remote area anaesthesia in circumstances of natural or other disasters presents challenges not often seen in fi rst world anaesthesia. Unprepared patients may require life-saving procedures under austere conditions. Extremes of weather and shortages of water, electricity and medical supplies are to be expected. Team members should be skilled, fl exible, tolerant and men tally and physically fi t. A cadre of individuals ex perienced in such circumstances is a valuable team resource and is highly recommended. An inter preter with appropriate local knowledge and cultural skills should be included. Ongoing team health is important, with proper attention to safe food, water and accommodation. Immunization status and disease prophylaxis should be appropriate for the region involved. In our team's experience following the tsunami disaster, most surgery was peripheral, with intravenous ketamine the main-stay for anaesthesia. We demonstrated little need for vapour anaesthesia. Availability of oxygen was limited, and demand would have been better met by an oxygen generator than by cylinders. The need for sound surgical techniques, with primary wound debridements, delayed wound closures and attention to tetanus prophylaxis was again reinforced.
